ABSTRACT: Growth data were collected over 4 yr from 349 Brahman-Hereford F1, first-calf, lactating females that had been allotted as weanlings to either semiarid extensive rangeland (Uvalde) or humid improved Bermudagrass pasture (Overton) and to one of four herbage allowance levels at each location as yearlings. Heifers were wintered according to systems in local practice and maintained on allotted forage levels both as yearlings and during their first lactation. Heifers were bred to Braford bulls to calve as 2-yr-olds in January to March. Herbage allowance (400 to 2,800 kg of DM/100 kg BW at Uvalde and 80 to 460 kg of DMilOO kg BW at Overton) was maintained by adjusting stocking density monthly from April to weaning (October). Herbage allowance and yearling heifer hook height, condition score, or weight (taken on April 15) were continuous independent variables in regression analyses. Final heifer weight, height, and condition responses to increased herbage allowances were related to yearling phenotypes differently ( P < .01) for the two locations. At Uvalde, yearling condition score interactions were especially important in that heifers that had more condition (especially those > 5 for 1 to 10 with 10 = fattest) as yearlings retained more ( P < .05) weight and condition and grew more ( P < ,051 in height than did those of lower yearling condition. These females also responded to increased herbage allowance by gaining advantage ( P < .05) in these variables, whereas those of lower yearling condition made smaller advances. At Overton, yearling condition played little role in subsequent growth. The yearling variable that had the greatest interactive effect was height. Shorter yearling heifers (< 123 cm) responded ( P c .07) to increased herbage allowance so that they had greater final condition and grew more rapidly in height than those taller as yearlings.
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Introduction
Genotype and phenotype x environment interactions have usually involved at least one stressful environment (Kress et al., 1971a,b; Frisch, 1981; Holloway and Butts, 1984; Bolton et al., 1987; Holloway et al., 1988) . Only a few studies have reported interactions involving environments of contrasting humidity (Butts et al., 1971; Burns et al., 1979) . The stresses inherent in reported interactions are often confounded with environments so that the 'Approved for publication as journal article no. 30590 of the 2Present address: Dept. of Anim. Sci., Univ. of Georgia, P. 0. Box dominant stressor (environmental variable causing stress) cannot be easily ascertained. Some stresses, however, that apparently contribute to the interactions are conditions that predispose animals to disease and parasite burdens (Frisch, 1981) , nutritional inadequacies (Holloway and Butts, 1984; Holloway et al., 1985a,b) , cold shock (Bolton et al., 19871 , and heat shock (Butts et al., 1971) . Stresses have a greater effect on cattle during their most vulnerable physiological stage. Because nutritional deprivation is often a contributing source of stress, the most vulnerable physiological stage for beef cows is during the first lactation, especially for cows in systems requiring calving at 2 yr of age, when cows are required to grow, lactate, and reproduce.
The purpose of this study was to quantify yearling cow phenotype x herbage allowance interactions for lactating, first-calf, Brahman-Hereford F1 heifers in two environments of contrasting humidity, forage resources, and intensity of management. Phenotypes were defined employing variables used by the industry (hook height, weight, and condition score) that are indicative of rate of maturation (Brown et al., 1972; Butts et al., 1980a,b) . This experiment targeted the most vulnerable time in a beef cows' productive life and was conducted under conditions prevalent in the industry that generally result in nutritional and heat stresses.
Materials and Methods
Animal Management. Five hundred twenty-four weanling Brahman-Hereford F1 heifers were allotted as yearlings to four levels of herbage allowance at two locations over a 4-yr period (1984 to 1987) . Heifers were stratified by source (one to four sources per year with the same sources used in multiple years) and weight and randomly allotted to two locations (Uvalde: semiarid rangeland, 52 cm of annual precipitation, and Overton: humid, improved pasture, 113 cm of annual precipitation) and to experimental pastures at each location. Of these heifers only 349 (215 at Uvalde, 134 at Overton) successfully weaned their first calf and, thus, data reported are limited to those collected from these animals. These levels of herbage allowance were maintained during the heifers' first grazing season as yearlings and again when the heifers were lactating for the first time. Procedures for treatment of the heifers as yearlings have been described by Holloway et al. (1992) .
During the fall, at the end of the heifers' yearling grazing period, pregnant animals were grouped at each location and wintered on nutritional regimens typical of the respective regions and then reallotted after calving to levels of herbage allowance targeted to be similar to that they received the previous year. The goal of the winter nutritional regimen at both locations was t o allow heifers to attain a condition score of 5 (1 to 10 with 10 being fattest) in April. Herbage Allowance. On April 15 of each year, yearling heifers at each location were stratified according to source and yearling weight and randomly allotted to four equally spaced herbage allowances designed to include the range of those used by the industry at each location (range of 80 to 460 kg of DMilOO kg BW a t Overton and 400 to 2,800 kg of DMI 100 kg BW at Uvalde). Heifers were maintained on their respective levels of herbage allowance through that grazing season, coalesced, and wintered in one group at each location and reassigned without rerandomization to their respective levels of herbage allowance for their first lactation. Therefore, for each location, response to herbage allowance was a cumulative response to two grazing seasons moderated by a uniform wintering regimen between the grazing seasons. At Overton, the range in herbage allowance was from 80 to 460 kg of DMilOO kg BW, and at Uvalde the range was 400 to 2,800 kg of DMi100 kg. Forage at the respective locations has been described by Holloway et al. (1992) but can be summarized as follows. At Overton, a continuous and homogeneous sward of coastal bermudagrass ( Cynondon dactylon var. Coastal) was maintained by intensive management, including fertilization with 330: 1OO:lOO k g h a of N: P205: K20, whereas at Uvalde, extensively managed "mixed-brush" rangeland provided relatively sparse forage punctuated with shrubs that inhibited free movement of the animals.
Although cattle at Uvalde can, at times, consume certain shrub species, shrubs do not usually compose a large component of the diet except under drouth conditions (Launchbaugh et al., 1990) . To avoid the problems of distinguishing forage and nonforage shrubs, we studied the variable herbage allowance. included data from these animals in the analysis because it was deemed important to study the variation in conditions likely to occur at the two locations, and periodic drouths are relatively common at Uvalde. Calves were weaned on October 15 (completion of trial).
Estimation of Herbage Allowance. Targeted herbage allowance was attained gradually from the initiation of the trial to about June 1 of each year. This level was maintained by varying the stocking density monthly based on animal weights and a double-sampling forage estimation procedure performed at monthly intervals (Holloway et al., 1992) . The goal of this procedure was to attain an array of herbage allowance during the 4 yr at each location so that herbage allowance could be considered a continuous variable ( 16 herbage allowance levels were attained at Overton, 14 at Uvalde). Therefore, deviations from average seasonal targeted herbage allowance were not considered to be serious errors.
Animal Measurements. Females and calves were weighed monthly to calculate herbage allowance. Weight, height at hooks (tuber coxae), and condition score (1 to 10, with 10 being fattest; Long et al., 1979; Herd and Sprott, 1989) Statistical Analysis. Experimental design was predicated on the following: 1) variables potentially influencing economic returns that require the least input by resource managers are stocking density (herbage allowance) and initial animal phenotype (indicative of potential growth pattern); 2 yearling phenotypic characteristics descriptive of potential growth pattern are weight, condition, and frame (Brown et al., 1972; Butts et al., 1980a )b); 3 ) these variables are continuous in nature; and 4 ) large number of animals and pastures are required to attain necessary arrays in the variables of interest. Therefore, we executed a design similar in principle t o those described by Riewe (19611, Bransby et al. (19881, and Drane (1989) . Because the necessary arrays were not feasibly attained within a year, the experiment was repeated over several years so that, in the terminology of Drane ( 19 891, "herbage allowance was taken as a surrogate for paddock effect . . . mapping the complex interaction of paddock x year x herbage allowance." Linear models included the fixed effects of year and location, the linear, quadratic, and cubic effects of herbage allowance and yearling heifer characteristics (weight, height, or condition score), and two-and t,hree-factor interactions among the continuous effects and location. Initial analyses indicated that location x herbage allowance x yearling heifer characteristics were generally important ( P < . l o ) for all dependent variables. Subsequent analyses were performed within location using linear models including the classification effect of year, polynomial effects of initial yearling characteristic (up to cubic), and all possible interactions among covariates. Models were reduced as appropriate to include only those effects with important ( P < .lo) contributions to the regression sums of squares ( P <: .lo). Statistical Analysis System (SAS, 1985) was employed to make the necessary computations.
Results and Discussion

Main Effects at Overton and Uvalde. Females at
Overton were heavier, taller, and had more condition ( P < .05) at each time of measurement than those at Uvalde. They lost less ( P < .05) condition and gained more ( P < .05) weight during lactation than their counterparts at Uvalde. These observations of more consistently superior performance at Overton provide evidence that heifers allotted to Overton experienced less nutritional stress (including the winter period) than those allotted to Uvalde. Variation among years for all variables measured was also much lower at Overton, which was an expression of both higher level and less variation in precipitation at that location (Table 1) . Range in mean final weights among years was 72.4 kg at Uvalde and 15.6 kg at Overton (Table  1) . Heifers allotted to high herbage allowance at Overton possibly did not experience nutritional stress at any time, whereas at Uvalde most heifers apparently experienced nutritional stress at some time.
Yearling Weight x Herbage Allowance Interaction. Herbage allowance interacted ( P < .15, Table 2 ) with yearling weight for final height, weight, and condition score at both Overton and Uvalde. Models required to describe the relationships, however, were generally more complex for heifers at Overton than for those at Uvalde.
At both Overton and Uvalde, a synergism was evident in the effects of yearling weight and herbage allowance on final weight, in that as each increased, the effect of the other was amplified (Figure 1) . The synergism was more pronounced at Overton than at Uvalde. As was noted for these animals as heifers (Holloway et al., 1992) , the dimension that had the greatest effect on final weight at Uvalde was yearling weight, whereas at Overton herbage allowance had the greatest effect.
At Uvalde, herbage allowance did not affect final height except for animals that had been relatively heavy as yearlings (Figure 2a ), whereas at Overton herbage allowance influenced final height only for animals that had been lighter as yearlings ( Figure  2b ). The interactions are more apparent, however, when the figures are viewed from the perspective of the other dimension. That is, at Uvalde, yearling weight had a greater effect on final height when animals were allotted high herbage allowance than when they were allotted low levels (Figure 2a) . At Overton, however, the opposite trend was noted: yearling weight had a greater effect on final height at low herbage allowance than at higher allowances (Figure 2b) . The interactive response of herbage allowance and yearling weight at Uvalde is most graphically illustrated by the regression of these variables on change in condition during the grazing period (Figure 3) . Animals that were heavier as yearlings were at a disadvantage when they were given low allowances of forage but were at an advantage when given higher allowances. This interaction was not detected ( P > .15) at Overton.
Animals at Overton that were lighter as yearlings were possibly less mature even during their first lactation than those that had been heavier, and thus they possibly responded to increased nutrient availability by increasing final height (but not with marked increases in final condition or weight), whereas those heavier as yearlings responded by increased final condition and weight. This explanation implies that heifers at Overton responded to herbage allowances in accordance to their nutrient demand for growth ( a s to their maturity).
If the heifers at Uvalde had responded to increased forage allowances in a manner similar to those at Overton, then the limiting factor in their growth could also possibly be explained in terms of ability to attain nutrients to meet requirements for metabolic processes. Large and small heifers at Uvalde, however, responded in a contrasting manner to increases in forage allowance. A possible explanation for these contrasting responses at Uvalde is that the limiting factor to growth for these heifers was their ability to move over large distances t o forage or, possibly, their ability to prehend forage to meet maintenance and lactation demands. At Uvalde, the overriding dominant factor influencing final weight, condition, and height was yearling weight (not herbage allowance, as at Overton). Large animals possibly have the ability to move to and prehend forage to take advantage of increased allowance when these increases are not attributable to increased plant density, as is the case at Overton. At low herbage allowance, however, these animals retain their capacity to move to and procure forage, although they have reached their point of diminishing return. This diminishing return is associated with decreased efficiency of foraging compounded by larger maintenance requirements for these animals and results in relative condition and weight loss compared to lighter animals. This agrees with results for these animals as heifers (Holloway et al., 1992) . Illius and Gordon (1987) reported that "due to allometric relations of bite size and metabolic requirements to body size, small animals are more able to subsist on shorter swards than larger animals.'' Yearling Condition x Herbage Allowance Interaction. Interactions were detected ( P < .15) for all response variables at both locations except for final height at hooks at Overton (Table 3) . At Overton, final weight was more sensitive to increases in herbage allowance than to yearling condition, whereas at Uvalde final weight was more sensitive to increases in yearling condition than to herbage allowance (Figure 4 ) . Similar responses were noted for final condition and final weight. These interactions were much more evident at Uvalde in that synergisms between yearling condition and herbage allowance seemed more pronounced, as depicted in Figure 4a . Interaction of yearling condition and herbage allowance on change in condition at Uvalde yielded a response surface similar to that shown in Figure 3 for yearling weight. Also, the corresponding response surface for final height at Uvalde was similar to that illustrated in Figure 4a . Therefore, we conclude that heifers at Uvalde most capable of taking advantage of increased herbage allowance for increases in final weight, height, and condition were those that had greater condition as yearlings. This trend, however, was expressed to a much lesser degree during these animals' heifer experimental period (Holloway et al., 1992) . Holloway and Butts (1983) reported that backgrounded calves that experienced nutritional stress postweaning lost initial advantages in condition to attain accelerated skeletal growth, so that when they were allowed adequate nutrition in subsequent phases they responded by fattening more rapidly than their counterparts.
Thus, females that were fatter as yearlings at Uvalde had many advantages in that they grew taller, accumulated more fat, and gained more weight during their first lactation than did yearling heifers of lower 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 I I I I I I x HA + 2.02 x condition. This was especially true when they were allowed greater amounts of herbage. Females at Uvalde that were heavy and had more condition as yearlings may have attained these advantages because of superior abilities to adapt, and they subsequently continued to out-perform their counterparts because of that ability. Another possibility is that these animals that were heavier and had more condition as yearlings had a higher priority of nutrient use for tissue accretion than for milk production. A companion study involving milk production and calf growth failed to support this hypothesis.
In contrast, under the generally higher levels of nutrition (and higher levels of heifer condition) at Overton, final hook height during first lactation was unrelated ( P > .15, Table 3 ) to yearling condition.
Relatively small advantages were detected, however, in final weight ( 0 to 30 kg increase in final weight per increase in condition score at Overton compared to 20 to 35 kg increase at Uvalde, Figure 4 ) and in final condition for fatter heifers as yearlings. These advantages were observed only at lower herbage allowances (herbage allowance x yearling condition score, P < .lo, Table 3 and Figure 4b ). At Overton, the greatest response to increases in herbage allowance was for heifers that had less condition as yearlings.
Females that were fat as yearlings at Overton accumulated more fat and weight during their first grazing season than those that had been of lower condition (Holloway et al., 1992) . They had apparently become relatively mature by the time of their first lactation and had less propensity for growth than females that had been of lower condition as yearlings either at Overton or Uvalde. Holloway and Butts (1984) reported results that contrast with those reported here in that initially fat, mature A n g u s cows increased their advantage in fatness and weight when grazing abundant quantities of fescue-legume but not when grazing fescue. This contrast may be the result of different responses of mature and immature cows to improvements in nutrition.
Yearling Height x Herbage Allowance Interactions.
Although yearling height was generally related ( P c .04) t o final characteristics at both locations (Table  4) , the only interaction detected ( P < .05) a t Uvalde was for final weight, whereas at Overton the only interaction detected ( P e . 0 5 ) was for final height ( Figure 5 , Table 4 ). A similar, though less evident, interaction was noted at Uvalde in terms of final weight for first-lactation heifers, as has been reported for these animals during their first grazing season (Holloway et al., 1992) . That is, heifers that were taller as yearlings responded to increases in herbage allowance to a slightly greater degree than did shorter heifers. Holloway et al. (1992) reported a large yearling height x herbage allowance interaction for final weight and condition during these animals' yearling grazing period. Apparently, tradeoffs were made during that first grazing period between height and fatness, so that by the first lactation grazing period the largest interactions detected involved yearling condition and weight. Consistent with our earlier report, our conclusion remains that larger heifers held advantages at high herbage allowance but were at a disadvantage at low herbage allbwance. The source of the interaction, however, for these lactating heifers was apparently more related to condition than to height at hooks. This lends credence to the hypothesis that the interaction results from body size differences related to ability to move to the forage and to correlated differences in nutrient demand. This does Figure 4 . Relationship of yearling condition and Figure 5 . Relationship of yearling height and herbage allowance (forage) to height at the end of first herbage allowance (forage) to weight at the end of first lactation.
lactation.
not lend evidence to the hypothesis that the interaction is due primarily to body size differences in mouth size and bite volume (Allden and Whitaker, 19701 , because mouth size should be more related to frame size than to fatness. At Overton, females that had been tall as yearlings retained this advantage at the end of their first lactation regardless of herbage allowed. Even though this was true, females that had been short as yearlings responded t o increased herbage allowance with increases in final height (and condition), whereas taller yearling females gained no advantage from increaies in herbage allowance during their first lactation (Figure 5b ). It is possible that, at Overton, heifers that had been shorter as yearlings retained more potential for growth and, therefore, responded by further skeletal growth as level of forage availability increased. A similar trend was noted for these animals during their yearling grazing period (Holloway et al., 1992) .
Summary
Optimum yearling phenotype of beef cows for humid bermudagrass pastures was different than for semiarid rangeland and depended on amount of herbage allowed in a different way at the two locations. Yearling height had the greatest interactive responses at Overton, whereas at Uvalde, yearling condition had the greatest interactive response. At Uvalde, heavier and higher-conditioned yearlings were more able t o take advantage of increased herbage allowance than were lighter, lower-conditioned animals. At Overton, animals that had been shorter as yearlings were more able to take advantage of increased herbage allowance than those that had been taller. At Overton, herbage allowance generally influenced final animal measurements to a greater degree than did yearling characteristics, whereas the opposite was true at Uvalde. Our conclusions are that 1) heifers that vary in phenotype are more similar in adaptation and more similar in response t o increases in herbage allowance for humid, improved bermudagrass than for semiarid rangeland and 2) ecological niches are broader for humid, improved bermudagrass than for semiarid rangeland.
Implications
These findings affect the industry in terms of 1) relative worth of yearling heifers in humid and semiarid regions, 2) the amount of herbage that should be allowed various phenotypes under these conditions, and 3 ) culling procedures likely to yield the most productive system. At Overton, because the yearling heifers were much fatter than corresponding heifers at Uvalde, high yearling condition combined with two successive years of high herbage allowance may have resulted in relatively mature females incapable of much growth during their first lactation. At Uvalde, because the herbage plants were relatively sparse and interspersed with impediments to animal movement, ability to move to the forage and procure it possibly becomes a factor, so that large yearling heifers have subsequent advantages at high herbage allowance and small yearlings have advantages at low herbage allowance.
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